US011214351B2

a2y United States Patent
Hoftenberg et al.

US 11,214,351 B2
Jan. 4, 2022

(10) Patent No.:
45) Date of Patent:

(54) WING, AIRCRAFT, AND METHOD FOR (56) References Cited
DELAYING WING STALL OF AN AIRCRAFT |
U.S. PATENT DOCUMENTS
(71) Applicant: The Boeing Company, Chicago, IL 3,285,542 A * 11/1966 Holmquist .............. B64C 17/00
(US) 244/91
3,556,439 A 1/1971 Autry et al.
e
(72) Inventors: Robert Hoffenberg, Scattle, WA (US); 3,/34,431 A /1973 Rhodes ....ccoooivvennn. B64C 3/40
Adam P. Malachowski, Lynnwood 244/49
- : , LYNIWOO0d, 4,050,651 A * 9/1977 Neal ...ccccovivvrverncn. B64C 3/14
WA (US); Bonnie R. Smith, Everett, 44/15
WA (US); Eric E. Adamson, 4,655412 A * 4/1987 Hinkleman ............... B64C 3/14
Newcastle, WA (US) 244/35 R
4,702,441 A * 10/1987 Wang ..........c...cooonne... B64C 9/24
73) Assignee: The Boeing C Chicago, 1L 2347204
(73) Assignee: The Boeing Company, Chicago, 5.039,032 A * 81991 Rudolph ............ B64C 23/069
(US) 244/35 R
6,796,534 B2 9/2004 Beyer et al.
( *) Notice: Subject to any disclaimer, the term of this 7,475,848 B2* 172009 Morgenstern .......... B64C 23/04
atent 1s extended or adjusted under 35 24435 R
P J 3,128,038 B2* 3/2012 Whitehouse .......... B64C 23/06
10,040,559 B2 * 8/2018 Hoisington ............... B64C 7/00
(21)  Appl. No.: 15/997,343 10,829,206 B2 * 11/2020 Wood ........evvvvennn. B64C 3/16
i 2019/0300143 Al1* 10/2019 Harrison ........coeoe..... B64C 1/26
(22) Filed: Jun. 4, 2018 OTHER PURI ICATIONS
(65) Prior Publication Data “Leading Edge Cufl”, Wikipedia, Mar. 20, 1028, pp. 1-5.
“High-Lift System on Commercial Subsonic Airliners”, Peter K.C.
US 2019/0367152 Al Dec. 5, 2019 Rudolph, Nasa Contractor Report 4746, Sep. 1996, pp. 1-166.
. .
(51) Int. Cl. cited by examiner
B64C 3/14 (2006.01) Primary Examiner — Brian M O’Hara
B64C 9/24 (2006.01) (74) Attorney, Agent, or Firm — Walters & Wasylyna
B64D 27/18 (2006.01) LLC
(52) U.S. CL (57) ABSTRACT
CPC s B64C 3/14 (2013.01); B64C 9724 A wing includes: an mner end configured to be coupled to a
(2013.01); B64C 2003/146 (2013.01); B64C  fuselage of an aircraft; an inboard section extending from
2003/149 (2013.01); Bo4D 27/18 (2013.01) the inner end; a fixed leading edge of the inboard section
(58) Field of Classification Search having a drooped contour positioned along at least a portion

thereof; and an outboard section extending from the inboard
section.

CPC B64C 2003/146; B64C 2003/144; B64C
3/14; B64C 3/16

See application file for complete search history.

20 Claims, 7 Drawing Sheets

2

/C

12



U.S. Patent Jan. 4, 2022 Sheet 1 of 7 US 11,214,351 B2

10

A
4

T
L

FIG. T

20

227




US 11,214,351 B2

Sheet 2 of 7

Jan. 4, 2022

U.S. Patent

3

"

gﬂ

L |

- 'a e s
YR

L 1

“

%
LTI LYY

N\
AN

o
b
L]

e .._.\.__,\\.__.\......____._..__._..Hﬂ\\\\\t\\ﬁ\\\\\\\\\\\ﬂ\_..-u..._._.3.,.._._._.1_.,.,_._..\_1_._..11_.,__._._..\_\_._.,\_.._._.___,_.1_.._,_._.,_.1._,__,_.___,_.1_.._._____._.1_____,_._-.__-.__-.___,_._-___-._._.__-.__-._.__\,._.__.\\\\.\.\\\.\\.\._...\.___..\.\..\.........q-..\.\.\.\.\..._.._...\.\._..,__EE....\\*\.\.\\.\\\H ﬂ\i\\\\\\\\\\\\\\\\\‘
___. ’

ﬂ-\._.,._..._._....._._._.._..._..\._._...\._.....\\._..\.__.\._..._..\ﬁ_._._._..\._..\\._..._._\._..\\\_._.__\_l\\.1\\\...T\.\.\\\\\1\\1m\\\\l&xn-....-.-....-.._. " ¥ { p " , i
] .1 ‘ t
] r . | | | -1
._., - - - ; ’ 4 ..__n " " . £ ’
d ._ | . . u
i
AT 1 .-.... l
“” l.l.l..r.\.tli..li.\t....\-lili.-.-l.. \ll..‘-_ ._____.... I-_-. “
v axap
“ ..___.l.._....l...-._....___..-..l.l__._._"linl . n._!ul R ..._..-...._-..u.. - e d
.l.l.l._?_____.l.i..l..i .._ | |. ....... .-_..-. | | .1
L e L | |
| i-l...l.l.l.-.l._._-_._-_i. . PR I .._-..-.-..- 4
o
i ikl P Tl _.1 .—....t. i...n___.t‘ u
“ . T - .li.__...____..ii. “.._ t
-
'ﬁ. ur.._“.\..‘_...!.l__-..i..“lil.ll..llh 1
Bt L I .I
| ; Ll
bt e _._
£ r it
o+ . B g T A LT, “
" ¥ .-_l__.l-‘l E .1-..___”.._“.-_..-_!...1..\“_.- e g .l
‘. r - - L . ..-_.l..i.l..l.u__...l(-...ll.\.l-l..lii_.l...l 1
d L Er ., AT g o
o s kI A e  r Em - _._
. .-.I..-Il.lll.!-.-!-!.l..l.l.l.l.l.!.!.l..l.\.‘.l_.\..‘ L
A r T piba L B
l-_ - LA A o N “
.—. -
“ “ - - - e ™ e o
-
" i. L b P \.h._ll “
“ .-. 1.._..Ii E .____..1‘ t
t-_ “ B 5 I_ _-t_. r
“ ¥ .l...‘l. .Ill. 1.% “
l . .....l.‘..l .I :
A ___ ._. _._.
r :
’ . h .,
o ’ .-q.__. _.-. “
s ’ .ﬁ.. .._ ..
7 . L. . .
-. L]
s - ._. . ..
’ . .
r I _..‘ t
o _- ._. ;. ..
a
“ -. - > 4 ol t
“ ] - F ll._ “ -.I.I “
1 i
x T ...1.1-\.1 .I.‘...-. :
..“ ‘ o / :
i $ _._ P W r
)
2 ‘. ‘
’ u .
-. 1.1 [
2 ._ ‘
2 ._ | .
s ____ . _..
2 u . .
“ | Vs e .
e LR . | .1
d 1 t
“ T _..." c\\\m .._._l....t\__. u | 1 i\\l -.
? ' . | | .
.‘ o .__.- .1..__.-1l.- M | -. .l--. “
4 v i - ~
ry u .___._.. _..
L | | _-.
2 t .._. u..
u.___ __. o i g “
2 Y - ._
¥ h .____. _q
- l |
! ! | .__..u. ____
& ’ - ..
2 y P _.
Ko ’ e ..,.__.,..u,..____\ “
“ u PES el _..
“ 4 v li“...ln._l.t_- _-.
| . T “
-. .‘ .l.l\u.-.l..lt.
| a i, o “
: PPN .
e - i___“_._....q._-..T _..
\ Fy - ﬁl......“.n.l.u._-...h.-. H
““ n“ o .____r.l..__......_....-__n “
‘ .“._ "u ._-.\-.l_.._”l..i...ﬁ_lu 1
’ Tk .
m A \\.\\\\nﬁt __.
Fd “ \.t\\ﬂ\\ “
-
s A .-._.h._.._..-_.._l.l...__.... -.
K L) L E et -
______“ “ o aramn AT u
- ___.
“ “____ ..._._-u.__;:..n.,__., _..
s r LT _..
Hr l-t. ...‘..I‘..l.‘lxl ‘
s w2 ..
__._“ t..__...._mhl.__.-.....ln.._._\..- 3 " “
. e : - 5
s .tt.pl_.t_-.h.l..-._..._._ "rreawre g ! - !
- . -
.,._“ | ....:.-..:__...-....__.un.-.-nil F 'l skl \.\- o -..n.. r
. - s " o n
. - | B
: g B Pl ok ol . i
e o m ¥ -_.__" * .1___ r
A | | -
-1. [}
. .
1- [
A .
l- [}
-_- ]
5 i
“i.__-. e g e B e B e el i i i o el i S i PP R R N R L N N N N RN N Y N N g e R g e e R L LN RN RN L N N T E EE rE R o T g o o i g b i ot B g ol P b ol P B R e B A R F T T T r e

s



US 11,214,351 B2

Sheet 3 of 7

Jan. 4, 2022

U.S. Patent

u\‘nd__-...__._.._-
7
o

el

Y

L s W
. i 4
J r 2z
r RS A

.

Vemgry " s
.- s
o

*u

"

L]
LR

.;
¥
5

BAEELLEL L L LS ELEEEEEELEEEL LSS LSS EEEEELEEE LSS L EEEEL S CEEEEEEE GO PGP EEEE P TP OO PP EPE P RS EPEEPE PP PP EP R R LPESEOELEROREEE PR ERRFEPEEISESIIELEESSESLRIEIEERRPEPES PSR RO P OPOE OGSO EEE LSS
4 7 ‘l

P i e e e i 4 / ; :
) s
Z ‘ ; ! ; ! : ’ / ¢ : :
l-. ') A .__- » a [] r [] \_ 4 +
#
.“.l-l.\-l'.l..l. l.l.-_._._-.... ..n.l.-..-... t.
7 -llq....lh._..\ip__...__..l._....____t ’ E a
“ .l..l‘..!hll._..ll.lh.\-.ls.___...l..l..lt_- . |-_l|ll_“_\-.|. i.l..l._-.l.l r " n ._-..-n..-... “
._-.l..l.l_.l.-l....ll.l. + . phl .-..!... & LI 4
.‘. .\_.-__..l.i.l..._-..‘..-__..l.ll.l ._...1.1 E | ~ 1n & wwrag r £ “
“ .!l..llh.‘.l-.l.l..l..‘-\.\-!-.l.l..l . “m --‘I..- Ih I—_ L] ¥
H I.I.Ilh.\...l-.‘.ll..l.\i]l..l““ -.l I..II. ..l...lI *»
‘. Lo g t.
] Ll Y
‘ r ...-L.-.-.l....l..\.l.-‘.lt_..lt.-l ._-
7 L AT R PRy :
.1. - F .‘.‘s..l..l..‘.....l
t. F T imEy roEg .‘.t-l.li_l..l_.hlh.-.lu. F
; T RAr g . lli.lh..-._l._.i._l.ll..l..l.\ :
? “ TREA sy ama . .1_.l.ll.l1.-llnl_.ll.l.-_.-.._l. F
H * v Frew l-._-..-__.‘..l-l.‘-___.ul.l.-_ :
A # Eal I .Ill.ll.l.l...__-.-l..! r
‘. .1. e, rea rr __-..I.I.-.-_._\.!.l.l.l.-..! .--.H-..!_._l_.-l.l..l..l...-.l..lt...l.l £
. ﬁ B Ely l.l.__-.._____.l.l.-_..l..‘..__..l.l..l .l....l_..l.-.._l 1..._.._-.1..-. 14
4 r e ama, L .-.ll.l..___._\.l.i.l..l..l -....-.._..i..l_n.l.-.. o ;
7 ‘ hoar . ag . ﬂll!\hll-.ll.ll!l.l.l.l.l.l.l.l.lu.-ihl_.l 1-_...11 .i..i..l..l“
“ : L . - .'.‘...__ !
A % i L I .-_.- !
< ! T " p
.‘. ; L P L !
l-. ¥ t.l! y -l
, ! e r .
/ : - Lo
“-__. .Aﬂ u.-.__.u __._,. !
i ; _. |
‘ .1. ‘ll ] ﬁ
/ ! ) ;
.1.
v ! ' f
: : o £ ?
% ' Pl 7 r
‘ 1. » [ ] R .t. -l
“ .1. - Hi- x .IL-..I.I 1.1 “
’ ' L ’
: : W :
!
£ f .._
: : P . s
v ' a
’ a g
/ : ’ m
o a
“ .I\....-.-_ o 115\ “ ’ “
“ ) ...-_-‘- ___.... - 1-. i ..-_.___.. n .___-__\ .“
o ' T ¥ . -~
; ! ! - - :
“ et e £ £ e :
F .- g
: : ~ e p
: “ g g h
: 1 E e ‘
& . -
’ o o - K
, ’ . e 4
-’ * - . K
Z : - Iy 4
” { . ” /
- Ll
4 ¥ A - )
4 J -
M M L l_-..___..LI..___.. “
: et 4
: - - )
* e b .
. et
¢ .t :
# i o %
¢ LA ,
“ v?hakt¢x H
¥ ..‘n.._\u...._l-t-_._ o “—
’ S :
. L .
“ - A ‘.—‘..I. u—_
._" -..\1\...\1-%-..1\ u”
. L
' \mtmﬁhﬁhtkh :
) 3
“ .....__:..-._.:._,-.__....., -
' ..Il...\..l.l._.ll.nl..lfv‘{-. "
A * .l.l..-l.h-_.l-\..-l.i_. l”
“ gt om v
- t.._....__...ll....-... _.-. :
4 - T # iy o "
Y S s e S ‘.
..l.._-!l.-..h..._ - “"mpaarw | . :
e . o Aageit, o0
.ll.lu.ll.-l.l.l‘-..‘. SE kg ‘..l. .Il-..t—_ P :
In\.___,\hu_.__.\.\._n oL . o e e :
\..I-l..l.t..i-l_,.._-.._l.ll..iulnnnh.__. Py ._._....._ sl -
AT .1....... L “
5 Far- L :
: [
]
]
m [
]
]
m [
nlinil‘1““*“‘1““‘*“‘1“““111%11“““é‘11““1‘111lll"llI-llllllIIIllll..l.-l...l.l.l.l.l.l.l.III.I.I.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.!.l.l!ll!l.l.!ll!ll!ll!ll!ll!ll...!ll!ll.!ll!ll!ll!ll!.ll!ll.!ll!ll..l.ll.!.‘.1.!.l.l.\ttH!.ﬂ\‘ﬂﬂ“‘1&‘*1.1.!!1.1.!.1.‘**1.‘\H‘.1.1.‘!.l.!.EHﬂl.1.1.ﬂ\Ht\ﬂﬂ\‘xﬁtx*tt\‘t\‘\“\\ﬂt\ﬂt!&!.ﬂﬂ!.ﬂ!.!.ﬂ!.l.l !..ll!ll!ll!.l.l.l.l.l.l.ll

EIH

‘“.‘.‘



U.S. Patent Jan. 4, 2022 Sheet 4 of 7 US 11,214,351 B2

5

FlG. 4




U.S. Patent Jan. 4, 2022 Sheet 5 of 7 US 11,214,351 B2

.

FlG. D

16



U.S. Patent Jan. 4, 2022 Sheet 6 of 7 US 11,214,351 B2

100

PROVIDING AN AIRPLANE HAVING AN INBOARD FIXED
LEADING EDGE WITH A DROOPED CONTOUR AND AN
OUTBOARD MOVEABLE LEADING EDGE DEVICE

102

MOVING THE MOVEABLE LEADING EDGE DEVICE TO A
HIGH LIFT CONFIGURATION AND ACCELERATING THE
AIRPLANE TO A TAKEOFF SPEED

104

MOVING THE MOVEABLE LEADING EDGE DEVICE
FROM THE HIGH LIFT CONFIGURATION AND
ACCELERATING THE AIRPLANE TO A CRUISING SPEED

100

MOVING THE MOVEABLE LEADING EDGE DEVICE TO A
HIGH LIFT CONFIGURATION AND DECELERATING THE
AIRPLANE TO A LANDING SPEED

106

FlG. ©



U.S. Patent Jan. 4, 2022 Sheet 7 of 7 US 11,214,351 B2

woooR
SPECIFICATION 1004
AND DESIGN
VATERIAL 1006
PROCUREMENT
COMPONENT AND 1008
SUBASSEMBLY MFG.
SYSTEM 1010
NTEGRATION
CERTIFICATION 1012
AND DELIVERY
N SERVICE 1014
VANTENANCE 1016
AND SERVICE

FIG. 7

1002

R

L

| AIRCRAFT 004 QVSTEMS i_rl 1020
PROPULSION 1020

FLECTRICAL ! ‘

1016 | AIRFRAME

1022 | INTERIOR HYDRAULIC

1025

—

FlG. &



US 11,214,351 B2

1

WING, AIRCRAFT, AND METHOD FOR
DELAYING WING STALL OF AN AIRCRAFKT

FIELD

The present application relates to the field of aircraft wing
design.

BACKGROUND

A high-lift device 1s a component or mechanism on a wing
ol an aircrait that increases the amount of lift produced by
the wing at a given speed.

Modermn jet transport aircrait use rearward swept wings to
achieve transonic cruise speeds. Unfortunately, the reduced
l1ft of a rearward swept wing tends to increase all operating
speeds. While high cruise speeds are desirable, fast takeofl
and landing speeds are not. High-lift devices temporarily
alter the configuration of the wing, 1n order to maintain
reasonable takeofl and landing speeds. These high-lift
devices typically include leading and trailing edge devices.
Leading edge (LE) devices, such as simple or variable
camber (VC) Krueger flaps and two- or three-position slats,
add lift by increasing the angle of attack at which large-scale
flow separation (stall) occurs on the wing. Trailing edge
devices, such as Fowler flaps with single, double, or triple
slots, increase lift by adding camber and increasing wing
area.

Accordingly, those skilled in the art continue with

research and development 1n the field of field of aircraft
wing modifications.

SUMMARY

In one embodiment, a wing, includes: an inner end
configured to be coupled to a fuselage of an aircrait; an
inboard section extending from the mner end; a fixed leading
edge of the inboard section having a drooped contour
positioned along at least a portion thereof; and an outboard
section extending from the mboard section.

In another embodiment, an aircrait includes: a fuselage
having a forward end and an aft end; a wing coupled to the
tuselage, the wing having a leading edge and a trailing edge;
and an engine coupled to the wing, wherein the leading edge
comprises a fixed leading edge inboard of the engine having
a drooped contour along at least a portion thereof.

In yet another embodiment, a method for delaying wing
stall of an aircraft includes flying an aircrait having a fixed
leading edge with a drooped contour at a cruising speed.

Other embodiments of the disclosed wing, aircrait, and
method for delaying wing stall of an aircrait will become
apparent from the following detailed description, the accom-
panying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an exemplary aircrait 2
according to an embodiment of the present application.

FIG. 2 1s a front section of a wing showing a first
exemplary fixed leading edge having a drooped contour 1n
comparison with a conventional fixed leading edge having a
conventional contour.

FIG. 3 1s a front section of a wing showing a second
exemplary fixed leading edge having a drooped contour 1n
comparison with the same conventional fixed leading edge
having the same conventional contour as FIG. 2.
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2

FIG. 4 1s a perspective view of a portion of an exemplary
aircraft 1llustrating a fixed leading edge inboard of an engine
having a drooped contour positioned along a portion of the
fixed leading edge.

FIG. § 1s a perspective view of another portion of an
exemplary aircrait i1llustrating a fixed leading edge imnboard
of an engine having a drooped contour positioned along a
portion of the fixed leading edge.

FIG. 6 15 a flow diagram depicting a method of delaying
wing stall of an aircratt.

FIG. 7 1s a flow diagram of an aircraft manufacturing and
service methodology; and

FIG. 8 1s a block diagram of an aircratt.

DETAILED DESCRIPTION

FIG. 1 1s a perspective view of an exemplary aircrait 2
according to an embodiment of the present application.

As shown 1 FIG. 1, the aircrait 2 includes a fuselage 4
having a forward end 6, an ait end 8, wings 10 coupled to
the fuselage 4, and an engine 12 coupled to each wing 10.
In an aspect, the wings 10 are coupled to a wing box of the
fuselage 4 by way of a side-of-body joint.

As shown, each engine 12 is positioned at an underside of
cach wing 10. In an aspect, the engine 12 1s a jet engine. As
shown, only one engine 12 1s coupled to each wing 10.
However, 1t will be understood that the aircraft 2 may
include one or more additional engines.

Each wing 10 includes a leading edge 14 and a trailing
edge 16. In an aspect, the wings 10 are preferably rearward-
swept wings.

The leading edge 14 of the wing 10 includes a fixed
leading edge 18 inboard of the engine 12, 1n which the fixed
leading edge 18 has a drooped contour. The length and
configuration of the drooped contour would vary based upon
the performance needs of the particular aircrafit.

If multiple engines are coupled to each wing, then the
fixed leading edge 18 having the drooped contour 1s mnboard
ol the outermost engine, preferably inboard of the mnnermost
engine.

By providing the fixed leading edge 18 with the drooped
contour positioned along at least a portion thereof, low-
speed operation of the wing 1s enhanced by the drooped
contour.

In an aspect, the fixed leading edge 18 with the drooped
contour can be smoothly blended into adjacent surfaces
(wing, body, engine).

Moreover, by selecting a fixed leading edge 18, a con-
ventional inboard moveable leading edge device may be
avoilded. Thus, the fixed leading edge 18 eliminates actua-
tion mechanisms required for a moveable device, reduces
welght and cost, simplifies wing integration and implemen-
tation of 1ce protection.

The leading edge 14 of the wing 10 further includes one
or more moveable leading edge devices 20 outboard of the
engine 12. If multiple engines are coupled to each wing, then
the one or more moveable leading edge devices 20 are
outboard of the mmnermost engine. For example, the one or
more moveable leading edge devices 20 may be between the
inermost engine and outermost engine, outboard of the
outermost engine, or both between the innermost engine and
outermost engine and outboard of the outermost engine.

The type of moveable leading edge device 20 1s not
limited and may include, for example, any conventional
moveable leading edge device. In an aspect, the one or more
moveable leading edge devices 20 are one or more slats.
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The trailing edge 16 of the wing 10 includes one or more
moveable trailing edge devices. The type of moveable
tralling edge device 1s not limited and may include, for
example, any conventional moveable trailing edge device. In
an aspect, the one or more moveable trailing edge devices
are one or more flaps.

As shown 1 FIG. 1, the exemplary aircraft 2 further
includes a vertical stabilizer 22, which may include a rudder
(not shown) and a horizontal stabilizer 24, which may
include an elevator (not shown).

In an aspect, the drooped leading edge (in comparison to
a conventional leading edge) has the hi-light (nose) of the
airfo1l further down 1 Z-direction (optionally further for-
ward 1n X-direction). In another aspect, the drooped leading,
edge (in comparison to a conventional leading edge) has a
larger/blunter leading edge radius (slower rate of change of
slope at the leading edge, or lower curvature) compared to
the conventional airfoil which has a smaller/sharper leading
edge radius (higher rate of change of slope, or higher
curvature).

In an aspect, the drooped contour of the fixed leading edge
may have a shape such that, 1n a cross-section of the fixed
leading edge having the drooped contour, a lower wing skin
extending from the fixed leading edge has a positive change
in slope proximate to the fixed leading edge and a negative
change 1n slope further from the fixed leading edge.

In another aspect, the drooped contour of the fixed leading,
edge may have a shape such that, the lower wing skin has a
positive change 1n slope even further from the fixed leading
edge.

In yet another aspect, the drooped contour of the fixed
leading edge may have a shape such that, the slope of the
lower wing skin 1s negative proximate to the fixed leading
edge, positive further from the fixed leading edge, and
negative even further from the fixed leading edge.

Alternatively, the drooped contour of the fixed leading
edge may have a shape such that, the slope of the lower wing
skin 1s negative throughout the proximate and the further
portions.

FIG. 2 1s a front section of a wing showing a first
exemplary fixed leading edge having a drooped contour 1n
comparison with a conventional fixed leading edge having a
conventional contour. FIG. 3 1s a front section of a wing 10
showing a second exemplary fixed leading edge having a
drooped contour in comparison with the same conventional

fixed leading edge having the same conventional contour as
FIG. 2.

As shown 1n FIGS. 2 and 3, the wing 10 includes a fixed
leading edge 18, a front spar 26 that runs spanwise between
the fuselage 4 and a tip of the wing 10, an upper wing skin
28 between the front spar 26 and fixed leading edge 18, and
a lower wing skin 30 between the front spar 26 and fixed
leading edge 18.

As previously mentioned, the dashed lines 1in FIGS. 2 and
3 represent a conventional fixed leading edge having a
conventional contour. As represented by the dashed lines,
the slope (z/x) of the lower wing skin remains negative from
the fixed leading edge 18 to the front spar 26. Moreover, the
change 1n the slope of the lower wing skin 30 from the fixed
leading edge 18 to the front spar 26 1s positive proximate to
the leading edge and approaches substantially constant slope
proximate to the front spar 26.

In comparison, the solid line i FIG. 2 represents a first
exemplary fixed leading edge having a drooped contour. As
represented by the solid line, the slope (z/x) of the lower
wing skin remains negative from the fixed leading edge 18
to the front spar 26. However, the change 1n the slope of the
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4

lower wing skin 30 from the fixed leading edge 18 to the
front spar 26 1s positive proximate to the fixed leading edge
18 and then the change in slope becomes negative.

The solid line 1n FIG. 3 represents a second exemplary
fixed leading edge 18 having a drooped contour. As repre-
sented by the solid line, the slope (z/x) of the lower wing
skin starts negative proximate to the fixed leading edge 18
and then becomes positive.

FIGS. 4 and 5 are perspective views of portions of
exemplary aircrait 2 illustrating a fixed leading edge 18
inboard of an engine 12 having a drooped contour positioned
along a portion of the fixed leading edge 18. As shown, the
drooped contour preferably has a smooth blending with
adjacent non-drooped portions of the leading edge at both
ends.

FIG. 6 1s a flow diagram of a method 100 of delaying wing,
stall of an aircrait according to an embodiment of the present
application.

At block 102, the method includes providing an aircrait
having an imnboard fixed leading edge with a drooped contour
and an outboard moveable leading edge device.

At block 104, the method includes moving the moveable
leading edge device to a high lift configuration and accel-
erating the aircrait to a takeofl speed.

At block 106, the method includes moving the moveable
leading edge device from the high lift configuration and
accelerating the aircraft to a cruising speed. In an aspect, the
cruising speed may be greater than the speed of sound.

At block 108, the method includes moving the moveable
leading edge device to a high lift configuration and decel-
crating the aircrait to a landing speed.

Examples of the present disclosure may be described 1n
the context of an aircrait manufacturing and service method
1000, as shown 1n FIG. 7, and an aircratt 1002, as shown 1n
FIG. 8. During pre-production, the aircraft manufacturing
and service method 1000 may include specification and
design 1004 of the aircraft 1002 and material procurement
1006. During production, component/subassembly manu-
facturing 1008 and system integration 1010 of the aircraft
1002 takes place. Thereafter, the aircraft 1002 may go
through certification and delivery 1012 in order to be placed
in service 1014. While 1n service by a customer, the aircraft
1002 1s scheduled for routine maintenance and service 1016,
which may also include modification, reconfiguration, refur-
bishment and the like.

Each of the processes of method 1000 may be performed
or carried out by a system integrator, a third party, and/or an
operator (e.g., a customer). For the purposes of this descrip-
tion, a system integrator may include without limitation any
number of aircraft manufacturers and major-system subcon-
tractors; a third party may include without limitation any
number of veneers, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity,
service organization, and so on.

The wings, aircrafts, and methods of delaying wing stall
of an aircraft of the present disclosure may be employed
during any one or more of the stages of the aircraft manu-
facturing and service method 1000, including specification
and design 1004 of the aircraft 1002, material procurement
1006, component/subassembly manufacturing 1008, system
integration 1010, certification and delivery 1012, placing the

aircraft in service 1014, and routine maintenance and service
1016.

As shown in FIG. 7, the aircrait 1002 produced by
example method 1000 may include an airframe 1018 with a
plurality of systems 1020 and an interior 1022. Examples of
the plurality of systems 1020 may include one or more of a
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propulsion system 1024, an electrical system 1026, a
hydraulic system 1028, and an environmental system 1030.
Any number of other systems may be included. The methods
and systems for forming perforated composite structures of
the present disclosure may be employed for any of the
systems of the aircrait 1002.

Although various embodiments of the disclosed wing,
aircraft, and method for delaying wing stall of an aircraft
have been shown and described, modifications may occur to
those skilled 1n the art upon reading the specification. The
present application includes such modifications and 1s lim-
ited only by the scope of the claims.

What 1s claimed 1s:

1. An aircraft comprising:

a fuselage having a forward end and an aft end;

a wing coupled to the fuselage, the wing having a leading
edge and a trailing edge, the wing having a wing root
and a wing tip, wherein the wing ends 1n a free end at
the wing tip, wherein a distance between the leading
edge and the trailing edge at the wing root i1s greater
than a distance between the leading edge and the
trailing edge at the wing tip; and

a jet engine coupled to an underside of the wing, wherein
a front of the engine 1s forward of the leading edge of
the wing;

one or more moveable leading edge devices along a first
portion of the leading edge outboard of the jet engine,

wherein, inboard of the jet engine, the leading edge
comprises a fixed drooped contour along at least a
portion thereof,

wherein the fixed drooped contour 1s inboard of an
inboard edge of the jet engine,

wherein the wing 1s a rearward-swept wing.

2. The aircrait of claiam 1 wheremn the trailing edge
comprises one or more moveable trailing edge devices.

3. The aircraft of claim 1 wherein, 1n a cross-section of the
fixed drooped contour, a lower wing skin extending from the
leading edge has a positive change 1n slope proximate to the
leading edge and a negative change 1n slope further from the
leading edge.

4. The aircraft of claim 3 wherein, 1n the cross-section of
the fixed drooped contour, the lower wing skin has another
positive change in slope even further from the leading edge
than the negative change 1n slope.
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5. The aircraft of claim 4 wherein, 1n the cross-section of
the fixed drooped contour, the slope of the lower wing skin
1s negative proximate to the leading edge, positive further
from the leading edge, and negative even further from the
leading edge.

6. The aircraft of claim 4 wherein, 1n the cross-section of
the fixed drooped contour, the slope of the lower wing skin
1s negative proximate to the leading edge and further from

the leading edge.
7. Amethod for delaying wing stall of the aircrait of claim

1, the method comprising;:
flying the aircraft at a cruising speed, wherein the cruising,

speed 1s greater than the speed of sound.
8. The method of claim 7, further comprising moving a

moveable leading edge device and decelerating the aircraft
to a landing speed.

9. The method of claim 8 further comprising moving a
moveable leading edge device outboard of an engine and
accelerating the aircraft to a takeoll speed.

10. The aircraft of claim 1 wherein the wing 1s coupled to
the fuselage by way of a side-oi-body joint.

11. The aircraft of claim 1 wherein most of a length of the
leading edge between the jet engine and the fuselage has the
fixed drooped contour.

12. The aircrait of claim 1 wherein the wing comprises an
upper wing skin, a lower wing skin, and a spar between the
upper wing skin and lower wing skin.

13. The aircrait of claim 1 further comprising a vertical
stabilizer fixed to the fuselage and a horizontal stabilizer
fixed to the fuselage.

14. The aircrait of claim 1 wherein a rear of the jet engine
1s aft of the leading edge of the wing.

15. The aircraft of claim 11 wheremn a rear of the jet
engine 1s aft of the leading edge of the wing.

16. The aircraft of claim 13 wherein a rear of the jet
engine 1s aft of the leading edge of the wing.

17. The aircraft of claim 1 wherein the trailing edge has
a rearward sweep.

18. The aircrait of claim 11 wherein the trailing edge has
a rearward sweep.

19. The aircrait of claim 13 wherein the trailing edge has
a rearward sweep.

20. The aircraft of claim 14 wherein the trailing edge has
a rearward sweep.
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